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FOREWORD

This publication was originally prepared and published at the request of the
Department of Housing and Urban Development (HUD) by the U:S: Department
of Agriculture under the Point Four Program for the use of those actively
ongaged or interested in the development or improvement of the use of bambco.
it is not an exhaustive treatment of the subject; bul it does present critical
features and principles.

J: Robert Dodge, formerly of the HUD staff and Harold R. Hay aud Stephe:
Arneson former HUD staff members suppliec informatiza and suggestipns
‘14 contribited to the development of the subject;

Grateful acknowledgement 1s made to Grabam Quate, former United States

Agricultural Attache, Bangkok; Thailand, for permission to reproduce his
photographs; and to Carl O. Erlanson, New Crops Researck Branch, Crops

. Research Division, Agricultural Research Service, United States Depariment

of Agriculture, for permission to use a photograph by Howard Dorsett. Edward
Beckwith supplied the photograph of the Torodja house in the central Celebes,
which is used as the frontispiece; it was originally published in David Fair-
child's book, The World Grows Round My Door; and permission to reproduce

it was granted by Scribners. H.E. Glenn, Vice-Director, Engineering Experi-
mernt Station, Clemson Agricultural College; South Carclina, granted permission
to quote extensively from his bulletin, Bamboo Reinforcement of Portland Cement
Concrete Structures. Virgil C. Pettit prepared the line drawings that besar his
initials.
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Introduction

Bamboo is one of the oldest materials used

by mankind to increase comfort and well-
being. In today's world of plastlcs and steel;

bairiboo comntinues to make its age-old con-
tributions and is even growing in importance.
P}b'g'riihs 6{' té'ch"n’i'cal 'c'ci'ciperati'ci'ri among

quuht\es of bamboo and are bringing about &

broad sharing of the varieties of bamboo and

thié knowledge pertaining to their use. In six

Latin American countries, projects are going —

forward today to test and select OUtStamﬁ'

Jarieties of bammboo gathered from over the

WOrld and to determine their potential place
in local economies. These projects, now &

part of the Point Folur program of technical

coo i ration, hHave been under way for a num-

ber of years and aome of them have devel-

mg

Bamboo is a versatile plant matenal
whose potential can be harnessed in the ser-
vice of the humble as well as the great. In

its adaptability to hurman needs; it has few
peers in the plant kingdom. In the Occident
as well as the Orient, the p:oples in whose

.

have ampxy demonstrated its claim to a spe-
cial place in their everyday lile.
As technical cooperziion continges to

smgle Gut species with outbtqndxng utility,

and to dissemincte thern more widely, along
with the old skiils and the new <echnigues
eéswential to tiieir practical use, the lot of

How uhderpnvxlewed people will defi-

[y be improved. “With a few plants of

- &uperior bambogs in the backyard, & farrily

will have at hand the wherewithal to fence

the garden, build a pigpen or chicken coop,

or add a vroom to ‘he house They wxll also

incomc by rnak ng bisk’ets or other speciel-
ties {n spare tin:s for sale or ¢ xchange at

the market

utilization can be devebp‘.d—as for example.

in the mEii\qfacture of high-quality papers and
rayon—new industries and increased national
income may be brought to underdeveldpéd

areas, It is with these prospects in view

that Fafr 500 i8 being used as_one of the ve-

hic.es for implementiug the Point Four pro-
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Parts of a House for Which

Bamboo may be uscd alone to make all
parts of a Ho’iyg;; ;;i'c.?n't the "iri:plat"e and tlie
i5, 1ow9vcr

chimney,
bamboo is rctuully con.bl'\ed with
tnnldmg trinterials: such as wood, clay, lime,
galvanized iron, and palin leaves,

avail-

sthe

cernent;
according to taeir ~clative suitability,
ability, and cost:

The wuse of bemboo either as a primary,;

,écondnry, or occas:onul source of bu:ldmg

suitabie bamboos grow in suff:cient Ebtmd-

drice. Importance of batrriboo in any given

aree usually is deterrnined chiefly by the
eccnomic level of the common people and

by the cost of other, more dutrable, materi-

Strucrural s )undnéss adequate to the

als

ony of des gn and a medxoCre level of exe-

cution ¢havacterize bamboo houses in many

areas. In certain cultural areas, however,
and especially at higher economic levels,
as among the well-to-do classes of jipa’i\”
Java, and Malaysia, bamiboo ts employed

architecturally in ways that are distinctwe

and baslcally artnstnc.

“'The prmupai post m a

s;,c"usl virtues:
jar anese house characterizes the house

with regard to quality and constructior.
The roof members are trussed to the post,
and cnaol-r a properly constructed house to

stand TP to earthquakes and tremors. The

writer has seen many hoases in which the

principal post is of stout bomboo or in

which & s*5ut ti:iiber post {s given more

chara;rer by being faccd witH ban'ibo..,. Y

Y ow
e "EEE; pﬁili:
Scientnh. and muu
zation. Sout

1947.

rml Research Orgam-
April

2

Bamiboos Are Suitable

pes LOi' know'iedge of; and aevotion to; the

osrinciples of functional de'ﬂﬂ with =
awareness of the possibiliti 5 of ratnbou
as a buiiding material of st K

besi ty. B"”‘b at artist 3s well &5 an ar-

chitect,
gualities of cemboo and its '»'Pr.i'.[;
they bave heen demonstrated o cach dred
where its Usc Kd: oeei aiceo £5 8 Hip pline:
Civen the ~‘1czht in- 'nraa(,n the ¢ 555: tumfv
to trnvel an*\ to stucv the be.,g exa np les of

he will appreciate the v.f;:}a e
+ility as

and the cooperut:on of perss
the bamboos and the tecnmques of usin

them; he wiil be able to synthesizz t,.[\., ,
best features of ba'nboo w ith ine technical

designs and plans that will be a ¢
the architecture of our age.
Eamboo has several charactenstncs

produce for each CUIturﬁl area & s
ST

buxldmg material for house conskruchon.
as well as for the scaffolding (fig. 1) that
facilitates such construction:

1. The natural units. or culmis, as
they are called; are of & size and shape
that make handling; storing, and processing
both convenient and economical.

2. The culms have a chdradcteristic
phySicai structure that gweq them & h)gh
strength-weight retio. They are round or
neerly so in cross Sec’'ion, ana usually
hollow, with rigid cross walls «t e
nlaced to.prevent collapse on bending.
Wictnin the culm walls the strong, nard
tissues of high tensile strength &re nicst
kighly concextrated siear tlic surfacar In

this position they can function rmost efi-
cnen;ly both in gwmg mechanical strength
""" resistant shell:

A The substanze cmd grain of ban:-
boo culms make them cas:’ to diviae by
hand into shorter pieces (b,r sawing or

choppmg) Gr ints narrow strips (by spiit-
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ting): No ostly machines, only simple
tools, dre required.

4. The natural surface of most bam-
boos is ciean; hard; and smooth, with an
attractive color when the culms are prop-
erly matured and seasoned.

5. Bamboos have little waste; and 1o
hark o refiove;

Foundation

B pI:-"- of the use of bamboo posts
iiintiead of & conventional foundation for
ont houses may be seen in both hem-

Lpheres {Lig. :1). Uriless they are treated
@il suine effective fungicidal preservative,
liow ever; such posts are not expected to
la - ! more than two or three years on the
avwrage, or five years at most under un-

U\\ -

cvomally fivorable conditions. Although

ne mqwnmcntél data are availabie, it
weems reasonable to expect that the last-

inrg qualities of bamb>o culm< set in the
ground may Gltirriately be extended appre-

itabily by applying pentachlorophenol in an

appropriate form (see section on preser-
vation). Until rejiable and ecsromical
ireatmients have Leen developed for pre-
serving hamboo that is frequently wetted
or is ccnstantly in contact With damp carth;

it i5 conéidered betfer to Use som.e inateual

that is more durable than untreated bam-,
b66 for foundations-——concrete, for eXample,

or stone; brick, or some durable hardwood
(fig.

V\rmn {ieid A8 supporhng posts_in low~
et Founes, culms should have a fa)rly
lar diamieter, thick walls, and nades

{pe.nts at which transverseé dIaphrag ns
occur) clcse together to give maximum
rrsistance to bending. Where large bam-
Loos are not available, smaller batriboos
wwith suitable structural charactenst.cs

inay ne bound together to make COmp osite

pilhr'n‘.

Frame

Nex* to the foundation and the roof
covering, the hasic frame is the part of
a house most often made partly or \L}"olly
of miaterials other than bariboo. han
*w.qxdﬂS t‘\osé QBB can éi’fﬁi‘d fhé ':hffer-

In many

""" Thvy do

86 purtlx because hardwoods make stiffer
joints and more rigid construction than

bamriboo, partly becaust a4 greater pres

tige is generally attarhed to hardwooca,

and partly becausp certmn hardwooaq

rot fungx and wood-eatmg insects than
untrezated bamboo.

There are certain circumstances,
however, under which the stiperior resil-
iexicy of @ bamboo {ramg confers impor-
tant advahtages over a 13 id construction,
In regions where sharp
quakes occur frequently, =
house may sUrvive and remain service-

carth tremors or
vamboo-framed
able longer than ary gther type {fig. 5}.

In the selecti-.. of materials for the
several types ci structural elements, the
characteristics cf the bambso should match
the function 1o be serformsc. O-\ly whole
culms are used for the principal parts of
a bamboo frame. The dimensicns cf the
various structural ele*nents, and their

spacing, are governed by the nature and
importance oi the functior they perform.
Stiffness and uliimate strength are impor=-
tant in elements of the framie. To get rel-
atively uriiform diameters; andfjnaximum
nes,s and

rela~

thickness of wood wall (fC" st1
tively thin- walled portxon of the culms is
THese tip cats rray be used in
wattle-and-daub partiticns; or for roof
sheathing, where close spacing may mak,é
up for the inferior properties of the-indi-
vidual units, _

The individual structural elements that
compose the frame of a conventional! all-
bamboo hous
found in an all-timber franie:
girders or pIates _]Olstb; studs;
breces; tie beams, kmg prmts
ridgepoles, rafters, sheathin;
The use of bamboc imposes ¢ értain limita-
tions; however. Mortice and tenon joints
cannot be used in framing bamboo: any cut,

such as nctch or mortice, dramxrally re- _

removed.

¢ correspond clos 'ly to those

Corrier posts,
struis or

pulllns

duces the ultimate strength of a’bamboo
culm. The only exception is the notch or
saddlellRe cut used at tHe upper end of mosts
*o cradis more securel,r the horizontal ele-
ments that rest upon them (fig. 6, C and DJ.
With the exception of those of certain
species of Guadua (nombiy Gs; angustifolia)
and of Chusquea, the culms of most bamboos
will not take rails without splitting. For

this reason, the impinging elements are
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generally faotied to earh other at thedr ii- -

ternections (fign. o and 710 L the Far Fast
the withes used for ]r\sY m‘ps are commonly
aplit fromns bambaoo: more a:ely [rom rattan.

available hambood yieid brittle

\N}o-r!* the
sithes, tough vines or the bark ol cv»rtain.
trees and shrubs may b ased for lashings.
In somie aredas; hoft iron wire, most of 1t

.d: is used,

galvan

Comrmon sense and the erapirical ¥rowl-
LS COL'.".—*

cdge of bamboo craftsrizii {3 2
i1y recommendac

triey Cohstiniteé the moust

se of avail=

guidsnce for the selection and u
2 resourcefi] per-

able material. However,

won of pract ical experie ncé in buxlcrxh ..m,
Gliedi be able to sugeest sound and useful moa-
ilications of conventional procedures

Floors
Nany barnboo houses have no floor other
than the sutface of the carth on which they

are built.  This i\ii'f’d'c( <tiould be; and usu-

ally i<, rdised soriew hat by filling with

ear.h; to prevent inundation by drainage
water: it may be compacted by poiunding. If

the fill is made with clay, 56 much the better,
for c}gy affords a relatively stable surface.
The surface of 1 dirt floor may be made

more stable by paving it witX b&mboo boards:

The soil should first be graded to provide

natural dramagé but not compacted, before

the bamboo boards are laid in place. These
may then be pounded With & tamper of suir-

able design, to drive them into close ¢ontact

with the sgrface of the soil; which is com-

pacted by the same operation.
In better houses, the flgor is raised

above the ground:. Thls arrangement is more

nygtemc and prowdes a sheltered space be-
low the floor, which has many potentml uses.
In some areas this space is devoted to the

rearing of varic domestic animals; else-
where it may be used for the storage of tools

and farm equipment, or ever {arm produce:
It may provide a welcome sheltered play

space for children in inclement weather,

Serviceable and attractive raised floors

may be made entirely of bamboo, given suit-

able species and a sound structural design.

I‘he prlncxpal features 1n convenvoﬂal de51gn

frame ) and the Hoor covering,

Bamboo culms ar» more resilient than

conventxo'ml tlmber . and the space betweeri

d

spacing specifications n.ust be worked vul
' toao

Tocrlly for the andividual species 07 pant t
and the size of cualm used

tie {loor covaring may he made of small
\k}io e cuime, strips, or hemboo boards made
by opening and fiatlening ot wholr cuims
Q, and .O\ \th doe floor ccensists

fostened

he protection deiv
inds, and the need

"g}'.'; znd ventilation,

Wi i
F. it ter whole culeis or longitzdine! raives
miéy be Gsed; and thev may be appiied in

(-it'ner horizcntm or \.prtlbh

Wdare

(fig. 12)=at i'eas't in ‘?'cu'e;do._
“‘“11"8 or Iz:slﬁmS bariboo >.*i.

stenes. Dur '\Q this vm: »tion \}‘.(; Samboo

'-_;tx"ps are me 3 ¢ or less cur
with mud Lut in time they ULCO'TH‘
Tois form of coast-uc.ion

by weathe
15 relatively massive, thouy
walls made of conventiona! stone, riémnied
earth, or adobe bHricks,
}\Z"’the*‘ farra of wall const.untion, pur-

A lesi o than

haps more ii)iaéi, used, is knewn n Peru
and Chiie as quinche. d :

COI‘.S(X‘JC(IO'\ known as I

r
In this form, tho fiexi:
Log:o ther to pro';i"'
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are ahacm_d

N
ticco. S
ir

to provice &

Whé'\ w 1*'-Lmd

.vui*.i: as ‘hm me Ltu-.
nt fn.mewo*k of bi\n“a

“",‘“i‘f‘ N ',-;V I

L tha sns and even t"m ou*ﬂ*

ore c o*n-*xc;rzlv cove

vrven from thin
1.

15 =\nc’. R

e T e 124

s many species of *Hc ge~
a=1wvum nfiord, are p*e-err'ét"

y1lines, oY
a” weave vary locallw

2¢ guality of mat-

R ° St
Taticeowork cow\nosnd »f la‘h‘lkc strips

Bam‘*oo "'m‘txng
=i gh in ma-iy areas.

laroor cu‘ms

no t'rj.e ireer clrcu;a; ton of
~ot, huinid seasons. This

‘

dcad ndvantage of facil-
2f smoke Irom the

racts c*l TAnEons, window and out-

O
2o
15

s ar™ cmne"'llv m’pt to
av be framed With wood
The doors themselves may be
‘u’v r“av Se woven ba;ﬂboo matting
el of

aimne, o<

1*0 Harr‘er ééﬁstructed of

”‘oorv aré éiaé hmged and

ar3 —cha in. 1gure 18 shows
-reddy use af zn inferior barn-
or of a pioneer settler’'s hut.

‘5“1'“9“ ne Island s).

1f window onen

Apned with .)I\mﬁ(*. or wood, Niost

- b'\d unscrceencd.

1

mc \:~v's ace s,f; u'x”‘:

bambco or whoden It

—-
= 0L
Recause of their 1l h =ix
ratio, bamhoos are & ’
tape for s*r u"tx"w‘” aioraeriz in rocl con- -

struction [fig: :

accou

tHe Denark"'\s..t of Caldas, Colomdia.

ww,re Ham‘ooo ic
has ‘Jpnn au‘\“ g
(rigs: 21 and 22).
<o he Bn exiravaga
the resulting str
a-\d att?acn‘«e.

Toradjr_r
fror‘bmec'e)

2/ Gourou, Pierre
Delta Tonkmoxs vubi iéanoﬁs de I'Ecole
Frangsi:

I1lu Pa;ié; 1936,
J D: G: Fairchild; The Woxr'r Cr-

T

Round My Door, p. 115. New York,

\n

Za

C‘.
2

H\
'aV}

czise de I'Extrémez-Ovient, . 27, 646 5.
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'Dlpes and Troughs
The culms of certain pbamboos, with
diaphragms removed, serve admirably
for the fabrication of pipes and troughs.
Longxfudmal halves of bamboo culms _
make very satisfactory eave troughs: Where

rainfail is light and water must be conserved,
they are used to collect rainwater from the

roof and send it into a barrel or cistern iOr

storage. Where rainfall is heavy,whf_jy are

used to carry the water from the roof to

a distant point, in order to avoid excessive

da’h’i'ph'éss around the house.

Undcr certam clrcumstunces wash w&tf‘
bamboo pxpes or troughs For tnis ylii'ijbée
a sloping trough i more practical than a
pipe since it is more easily prepared and,

if clogged, may be cleared with greater fa-

Ccility.

L:thimdmal halves of bamboo culms

with the diaphragms removed make suitable

conduits for bringing water for domestic use

[+oiti its source to the house by gravity

(fig: 19). In Japan; closed-pipe water sys-
tems are constructed of bamboo but-it is
very. dxfhcult to makeﬁtﬁhﬁeﬁ joints_ Ieakproof

by means of bamboo pipes of sxmple con~ -
struction. The Steps in preparing the bam-
boo for shich use are (I) nalving the culms;

{2) remo 13 the diaphragrs from cne half
to .1ake wic lower secticn cf the drain pipe,

(1‘ cutnng notches in the edge of the othér

re. Such dreins may

be extended tc any lengsh by placing tne

sma’ler tip 2nd of one pipe into tiz iarger
basal end of the succnedmg one:

To be suited for the uses just de.;cr'bed

the bamboo culms should have a diamefer
large enough to give the required carrying

capacity, and the walls should be thick enough

to prevent collapse under use.



~ Published references to the use of bam- readxly a\axiabié information on the subject
boo in reinf~rcing cement concrete sfruc- is to be found in *he report of a series of
tures or parts thereof indicate that the prac- experiments carried out by and iirider the
tice has been followed to some extent locally, direction of Professor H. E: G*erm Two
for some decaces at least, in | the Far East important sections of this report are quoted
{China, Japan, and the Philippine Islandsj. here, in entireiy:¥
During the 1930's several experiments were
carried ouﬁ in Europe, particularly in Ger- 4/ H. E. Glenn Bamboo Reiniorcement
many and Italy; to test the performance of t Concrete Structures,
cement concrete beams reinforced with bam- op. 123-127. Clemson College Engineering
boo. - Experiment Station. Bul. 4. Clemson, s. C.
The mriost recent; comprehensive; and May 1650.

Bamboo Reinforced Concrete Beams

Below is given a summary of the cqnclustons as indicated from the
resuits of tests on the various beams included in this study.

1. Bamboo reinforcement in concrete beams does not prevent the

failite of the concrete by cracking at loads materially in excess of

those to be expected from an unreinforced member having the same
dimensions.
2, Bamboo teiriforcement in concrete beams does increase the

load capacity of the member at ultimate failure consxderabiy above that

to be expected from an unreinforced member having the same dimensions.

3. The load capacity of bamboo reinforced concrete beams increased

with increasing percentsges of the bamboo reinforcement up to an opti-
mum value: o )
4; This optimum value occurs_ when the cross-sectional area of the

longitudinal bamboo remféi'ééﬁiént was from three to four percent of

the cross-aectional ares of the concrete in the member.

5. The load required to cause the failuré of concrete beams rein-

forced with bamboo was from four to five times greater than thet re-

quired for concrete members having equal dimensions and with 116 ré-
inforcement.

6: Concrete beams with longitudmal bariboo reinforcement may be

designed to carry safely loads from two to three times greater than

that expected from concrete members having the same dimensions and

rio reinforcement,
7. Concrete beams reinforced with unseasoned bamboo show

slightly greater load capacities than do equal sections reinforced with

seasoned urntreated bamboo., This statement was valid so long as the

unseasoned bamboo had not dried out arid seasoned while encased in the

concrete when the load was applied.

8. When unseasoned gntreated bamboo was used as the longifudiral

reinforcement in concrete members, the dry batriboo sweiled due to the
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absorptlon of inoistare from the wet concrete, and this swelling action

often caused longitudinal cracks in the concrete, thereby lowering the

load capacity of the members. These swell cracks were more i{keiy to

occur in members where the percentage of bamboo reinforcement was

high. This tendency was lessened by the use of high early strength con-

crete.
§: The load capacities of concrete members teinforced with bam-

boo vary with the dimensions of the members:
i0. The unit stress in the longitudinal bamboo reinforcement in

okl St
concrete members decreased with increasing percentages of reinforce-

ment.
11. The ultimate tcnsile strength of tlie barmboo in bamboo reinforced

concrete members was not affected by changes in the cross-sectional

area of the members so long as the ratio of breadth to depth was con-

stant but was dependent upon the amount of bamboo used for reinforce-

ment.
12. Members havmg the optim’ﬁm perCentage of bamboo reinforce-

ment (between thiree and four percent) are capable of producing terisile

st;esses in the bamboo of from 8,000 to 10,000 poinds per squaré inch.

13. In designing concrete members reinforced with bamboo; a safe
tersile stress for the bamboo of from 5;000 to 6,000 pounds per sguare
inch may be used. .

14 Coricrcie memberc v einforced Wwith seasoned bamboo treated

with a brush coat of asphalt emulsion developed greater load capacities

than did equal sections in which the bamboo reinforcement was seasoned

untreated or iriseasoned bamboo.

15. When seasoned bamboo treated Wwith & brush coat of asphalt

emulsion was used as the longttudinat reinforcement in concrete mem-

bers, there was somié tendency for the concrete to develop swell cracks,

especially when the percentage of bamboo reinforcement was high.

16. Care should be exercised when using asphalt emulsion as a

waterproofing agent on seasoned bariboo as an excess of the emulsion
on the outer perimeter of the culm might act as a lubricant to maten-

ally lessen the bond between the concrete and bamboo.

17: Concrete members reinforced with ungeasoned sections of bam-

boo culms, which had been split along their horizontal axes; appeared

to develop greater load capacities than did equal sections in which the

reinforcement consisted of unseasoned whole culms.

18. Concrete members reinforced with seasoned sections of bam-

boo culms, which had been split along their horizontal axes and treated

with a brush coat of asph&lt emulsion; developed considerably higher

load Capactttes than did equal sections in which the reinforcement was

split sections of seasoned untreated bambop:

19. When split sections of seasoned untreated large diameter culms

were used as the reinforcement in a concrete beam, longitudinal cracks

appeared in the concrete due to the swelling action of the bamboo. This

cracking of the concrete was of sufficient intensity as to virtually destroy

the load capacities of the members.

26 When unseasoned bamboo was used as the remforcement in a

concrete member, the bamboo seasoried and shrank over a period of
time while eficased in the concrete. This seasoning action of the bam-

boo materialty lowered the effective bond between the bamboo and con-

crete with a resultant lessening of the load capac1t1es of the members.

21. Increasing the strength of the concrete increases the load ca-

pacities of concretée members reinforced with bamboo.

15

O

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

ey Concrete members reinforced with seasoned bamboo treated
wrtrz'rrxrmethylolurea did not develop greater load capacities than did equal_
sections in which the bemboo reinforcement was seasoned culms treated
with a brush coat of asphalt emulsion.

23. The load capacxtxes for concrete members reinforced with un-
se asoned seasoned or seasoned und treated bdmboo culms, were in-

ment along the sections of the beams where the vertxcal shear was hxgh
24. The load capacities for concrete mnembers reinforced with un-

seasoned, seasoned or szasoned d and treated splxt sect:ons oi bamboo

were increased by the use oF a coinbination of split dowels and the bend-
ing up of the upper rows of the split 2amiboo from the botiom cf the

becra into thi top and covarind e secticns of the bezmis whare the ver.

tica! shear Was higi.

23 Ulcimace feilure of bammboo reiniorced concrete raembers usu-
ally was caused oy diagond. tension fatlures even though ciggons! ten-
sion reinforcerment was provided.

26. A study of tre ¢ flaction data for a'l the beamn specimens tested

indicated:
{a) That the deflections of the beaxns when msted fo!'0w°d 3 fairly
accurate straight line varistion until the appearance of the first crack

inn the concrete
(b) Immediately foliowing this first crack, there was 8 pronounce ed

flattening of the deflection curve \probably die to local band slippage)

followed by another perlocfihof fairly accurate straight line veriaticn, but
ata Iesser sIope untl‘ ultx-nate fcnlure oi the member, occurred Thxs

{c) In all cases noted the deflection curve had a lesser slope after

the appearance of the first crack in the concrete, even though high per-

centages of bamboo reinforcement were used.
27. No pronounced variations werc observed when the behavior of

bambgco reinforced corncreéte trierribers under flexure and having ‘‘tee

sections was compared with that of equal members having rectangular

bt‘(‘tlons

28.
sisting of - tee“ secticns were no more effective than were eqt.au rec-

tangular sections, provided the breadth of the stem of the '‘tee’" 5 ection
was equl to that of the rectangular section and the effective depth of

both were the same.

Desxgn arnd Construction Principles

Recommended for Bamboo Reinforced Concret.

1. In important congrete members thié use of whole culms of green,

unseasoned, bamboo is not recommended as the re g material,

I concrete slabs and secondary members, green, unseasoned, whole

culms may be _successfully used when the diamieters of the culms do not

exceed three-~ iourt}}§7of”an inch: When possible; the bamboo used as
remforcemeﬁt 1n concrete members. subject to flexure should be cut

2. The use of bamboo culms as reinforcement in concrete members
subject to flexure cut in the spring or early summer Seasons of the year

is not recommended. Only those culms which show a pronounced brown
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color should be selected for use from a native bamboo grove. This prac-
tice will insure that the culms selected are at least three years old.
3. WHher thoroughly seasoned whole bamboo culmis are to be used as

the reinforcement in important concrete members subject to flexure;

some type of wcterproofing is recommended

au imporfant load carrying members. However, for alabs and second-

ary members and where the concrete sections are of a size as to allow
the placement of the bamboo with a clear distance of from 1% to 2 {n-
ches between the individual bamboo splints and betwzen succesgive lay-
ers, the Use of uriseasonec sections of bambos 15 recommended pro-

vided high early strength cement {8 used. In no case should tie sgplit
bamboo_sections have a width in excess of three=fcurths of an inch.
5. The use of vertical aplit sections of bamboo culms i3 recom-

mended to £rov{de for diagonal tension stresses In members ander

flexure covering the portions of the member where the vertical shear
is high and where it is8 impractical to bend up the main longitudinnl tam.-

boo reinforcement for this purpose. In continuous members and where
otherwise practical, the practice of bending up the main longitudinal

bamboo reinforcement at points of heavy shear to provide for diagonal

tension stresses {s recommended. Also,; in all cases where it i{s prac-
tical, a combination of tiie above methods {8 recommended. =
6. Proper spacing of bamboo reinforcement is very ifmportant:

affected. Aleo. when the main longitudinal bamboo reinforcement is used

in vertical rows and when the top row is near the neutral axis of the

member the area of concrete at thil lection in hori--ntal lhear may

cause of failure was attributed to hortzontcl lheur, however; in mont

instances where failure was from this cause; horizontal cracks existed
in the concrete due to the swelling action of the bamboo reinforcement.
7. In placing the bamboo reinforcement, care should be taken to al-

ternate the basal and distal ends of the bamriboo culms in all rows; This

practice will insure a fairly uniform cross=-section of the bamboo rein-
forcement throughout the length of the member and the resultant wedg-
ing effect that will be obtained will materially increase the bond between
the concrete and bamboo:

8. The design of structural members of bamboo relnforced concrete

for flexural loads will be governed by the amount of deflection that can

be ullowed for the member. In all concrete memberc lubject to Hexural

‘!{'99‘?9‘!"!-, pue to}hicr hig}iidefilectioﬁn Igilurerof ﬂ,b‘!mbﬁ’?,!'%i,n,f,°1fc,°d
concrete member usually occurs due to other causes considerably bo-

frich for the allowable tenisile strévs of the bamboo retnforcement muit

u-ually be uced if the deflection of the member ic to be kept under 1/360

inforced concrete member under flexurol loodl a high factor of lafety

against ultimate failure of the member usually recuitn.

9. The same procedure as that used for the design of structural con-

17
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crete members reinforced v.ith converitional steel is recommended for

the design of concrete members reinforced witn bamboo. Values have

been recomrnended for the allowable

unit bond stress between concrete

azd bamboo, for the allowable anit tensile stress in the longitudinal bam-

boo reinforcement and for the modulus of elasticity for bamboo. These

s

secomimended values should be used in designing & ~oncrete member

reinforced with bamboo for flexural loading: It is also recommended

that '‘tee’’ beams be designed as rectangular beams ignoring the flange

width_in the calculations.

10. Some of the important charactsristics of concrete riembers re-

inforced with bamboo on which future research should be done include:
{a) Use of those species of bamboo in which the modulus oi elas-

ticity is higher than that of the species used in these experiment..

(b) More exact data on diagonal tension relnforcement:

(¢) Further tests of the use of green uncured bamboo cuims a= the

reinforcement where the conditions ‘are such that the bamboo will be
_ompletely seasotied while encased in concreie.

(d) More exact data on the bond between concrete and bamboo.

(e) The use of other waterproo

fing mgents than those used in these

ests to insure against the swelling action of seasoned bamboo whern

placed in wet corcrete.

it is obvious, from this very comprehen-
sive and carefilly considered series of state-

ments, that the reinfor cement of cement con~
crete with bamboo cannot be undertaken with
confldence until a great many factors have
been considered. Careful and expert atten-
tion to many details in execution is essen-
tial to success. Severe limitations must

be taken into consideration. Apparently,

the bamboo reinforceivierit of non-load-bear-

e |
<m‘

ing 'riié'rhbéri”siﬁfcrh;:si ggii panels and floors
resting on well-compacted earth, has more

t5 recormmend it, from the practical point
of view, than the bamboo reinforcement of
load=bearing meribers of & structure,
The lay reader will find an admirable
summary on use of bamboo for reinforcing

concrete in the appendix 6fi§ii§i:t{cie by V. D.

Limaye on the strength of bamboo (see bibli-
ography).

| -
[
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Gecgraphical Distribution of Bamboos

Bamboos occur as more 07 less prom-
inent elements in the natural vegetation of

many parts of the tropical subtropical; and

mild tempernte reglons of *he world from

Ieet wherever a sultable combination of

ecological factors pi‘éva:ls. Their natural
distribution is very uneven, both as to abun-
dance and variety of kinds in a given area.

' Through the agency of man, the distributicn

of many spemes of bamboo has been greatly

extent of it has not been surveyea How-

ever, some of the most valuable species
have not been distributed to any important.
extent and much remains to be done to make
these more generally krnown and available:
The greatest concentration of bamboos
and the highest development df their use
are to be found on the southeastern borders

of Asia and on adjacent islands. This area

12
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extends from India to China on the main-

land; and irom Japan to Java among the

izlands. Some 20-odd species of bamr koo

heve been repcrted from the iittig-'uinwn
tlora of Ainca and miany of these tre used

by the native peoples for house consiruction.
The Island of Madagz scar, whose flora is
more fully known, has been iound to have

triore nistive speciss of bzmboo than are

kx*own to occur in the whole of Af
tralia has perhanb a hal. doze'- nn;ixié .ipé'c-"eé;

n,urope none. F22b!
the natural distribution of bamboos e\tends

from southern United States to Argentina
and Chile. Some 200 species are native to
this area, but ‘they are very unevenly distrib-

uted: Matiy of the recorded species are very

imperfectly known; and some kinds have been
recorded under more than one name, but the
known bamboo flora of the world probabty

t5tals imiore thanm 700 species; classifi=d in

about 50 distinct genera.
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'».~—->_Sh6§th1ng, tfls cottage in tHe Ecuedoran lowlands

Pis made entirely of natlve bamboo, Guadua éngﬁs-

Rtifolia: The posts may serve for five years;

il the siding may remain 1in serviceable condition

- __ - —for decades.

Figure 1.-- Bamboo scaffolding
is used in constructing an
apartment house in €ali; Colom-
bia: In strength and durability
bamboo is well-suited for the
purpose; for economy it is prob-

ably unequaled.
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Figure 4.-- Framework of this liouse under construction in Java is hardwood: but rafters,
sheathing, scaffolding, and even the ladder are bamboo. Walls and pa-titions may be
covered with bamboo matting, probably made from species of Gigantochloa; commonly used
in Java for this purpose. (Photo by Dorsectt:) ,

14 :
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Figure ‘5.--Bar
Walls and par:
;raéf thatch w
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‘gizes &

Figure

Walls and partitions wi
_roof th

w“ - .

§...Bamboo is used for the frame structure of a peasant’'s cottage in Columbia.
11 be made of bamboo boards. In fact, all materials but the
folia, wnigh produces culms ifi

atch will come from +he native Guadua angusti

nd form so suited to direct use that only the

L.

22

simplesi of tools are re

quire

d:
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Figure 6.--Detuils of bamboo construction: A, fitting and sindin
joinca in roof and frame; B, {itting &nd securing bambon beavds ¢
= T

1 .

D, saddie joint; E and F, use of insct block Lo supper:

bearing elements; G anc Y, use of stump of branch et node of vort to zumps
horizontal load-brar:ing elemerits.

10T L
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Figure 9.--Final step iﬁimﬁkiﬁg a
hamboo board--removing draphragm
fragments from the.newly opened
culm. Jt may be dome with & mache-
te, as here, or with an adze or a
long-handled; shovellike curved spud:
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Figure B:--An sx With & welli-

greased bit is dsed in Ecuador fo

wsii b Ezzi. =ode
T (“é:; lh““'l
& e ocuim is
W 3 Not used fur.
is Lalck-wallied Risal

,



Fxgure '07--BHMDOO boards

stand ready for usge. . .
maklng of these uovr(% :
well- developco trade 10

Ecuador and CoAéHS‘ :oand

the f*nlsncd procubu mig
ell become mn export iten.

O

BRI,

--Walls paneled in 15L1V# bz sbo0 in h0~1zontal arrdy #re gm atiractive

Figure 11.
feature of this artistically desisned bur rether costly weekend cottage in Guayaquil,
Ecuador. The roof ¢ covering is éter:ité; - — -

. b
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port and protect an adobe wall in Z1 Salvador,

Figure 12.--Wide ‘bamboo strzpn sup K.
forming e type of construction called bejareque in many Latin American countries
Ehmnbusa wvulgaris; is avazlabie gyg;ywherc except 1h

Ei Sliviaai tﬁe common bamboo,
dard iitérmal for many purposes.
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SPRUNG STRIP CONSTRUCTION

Economical
oltarnative

Tiad fo
foce | L1 BuTe

POt Pro5t67 BF
stuzco

Finish cour

Brick or stone bosa

WOVEN OR WATTLE CONSTRUCTION

i
- worizontar—— |
/:fr:’ps of
/;3, bomboo
e . woven on
N other strips
or poles
5
_ Proster or |-
: stucco
= _ —
%, . — i ¥ Jb
11 I T+ T

( ’, =

Srone or drick

Figure 13:-- Types of wall construction used with bamboo.
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ki@uré 14 —‘Bnmboo house, buoyed up by balsa logs, lles anchored in an Ecuauor h,ri?é?.
The walls are made of bamboo boards; msnd the leaf-thatched roof is heid in place by
bamboo riders resting across the conmb:

Figure 15.=:3emboo
boards provide = seurdy
and econsmical basz for
the Cefienit stucce that
covers the outer walle
of this hospitei s

Manta; Eciuador.
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Figu.e 16.--Hinged panels of matting woven from thin strips of bemboo help to adapt
houses to the heat and rains of the Tropic - ’

opics.

23



I-xgure 17:--A young Thai plays his bamboo organ agamst a backg'ound of hamuoo maiting.
Siich matting is a popular wall covering throughout southeastern Asia: it is l: gn' in

both cotlor and weight; does not stain; and is easily cleaned. (Photo by Urmm }

24
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Figure 19.--Roof tiles of this laundry in
Colombia, as well as the troughs of its
water system, are halved culms of Guadua-
angustifolia, the common native bamboo
5f Colombia and Ecuador.

Figure 18:--A pioneer scttler in castern
Peru has made his cabin door with material
that came easily to hand--culms of a wild
bamboo, Guadua sp:
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50.--Tile covers the roof of this bamboo house in Guatemala: Thz ‘‘to
wall are made from culms of DBambusa vulgaris.
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Figure 22.--The structure of
this bamboo roof is typxcal

The uniformity hus _grown out
of loﬁg years of use' ever
has been the preferred

ing material in the area.

Fxgure 21.--Bamboo is
standard material for
roof timber in the
rural houses of Caldas
Department, Colombia.
It combines lightness,
strength, and durabi-
lity snd; being local-
iy ubundﬁnt, costs biit
Iitcle




e SR

JRRES 4

S I

4 e

o

A ek L Eaet s ar el o meew S

Figure 23. --Some contrasts among different bamboos, as seen in the
and branches of the culms: A, Baiibtuga arundinacea;, a thick-weiled
flated nndes and heavv, solea"y, thorry lower branches: 2 v"*‘ﬁb .
soides; a moderately thin-walled bamboo, with mfia..ed nedas and pa¥rsd Droms
es, above the insertion of whlch the inteenode is {lattened and shaiiosly po
C. Bambusa vulgaris, a moderately thick-welled hamboo, witk infiated .wmﬂ
branch buds below, and prominent branch complements ebove: D, Sambusa zix
a thin-walled bamboo w1th cylzndncal ifiterniodes; nonmfla?ed sedas 4

aheath acar; branch buda lacking at the lower nodss and cerdily m,v-i:L;“ ;
5. Schizostachyur lumamnpao, a thin- wtlled bambco with c‘yl-ndrlcal ideessy
uninflated nodes; nc buds at lower nodes; slender, subequal, ensily @
above. F; combined long;tud:mal and cross sections of the culm &f ,’"
showing the nature of the diaphragm; in all bamboos the ulaphra,;m fori
strengthening structure at each node. G guarter cross sections of culns

different bamboos, representing the extreme range in wall thickness:
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Figure 24.--Devices for splitting heavy culms: A; cross of iron or hardwood bars
(about 1 inch thick) supported by posts (about 4 inches thick and 3 feet high) fimmly
set in the ground; with an ax, two pairs of splits are opened at right angles to each
other at the top end of the culm; these are held open with wedges until the culm is
placed in position on the cross; the culm is then pushed and pulled, by hend, in the
direction indicated by the arrow (adapted from Salcedo). B and C, steel wedge for
splitting quartered culms: D; block with single and paired steel wedges for mounting
on a heavy bench; adjacent faces cf the paired wedges should be slightly closer to-
gether at the cutting edge than at the back.

Y
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Figure 25.--Splitting of moderate-size culms to make withes for weaving
anid leshing. Quartering a ciulm; A, starting four breaches at upper end;
B, driving & hardwood cross along the breaches to complete the aplitting.
;, dividing quarters radially, making center splits first. D, splitting_
radial divisions tangentially; the hard outer (convex) atnp is best, &nd
the soft, pithy inner (concave) strip is usually discarded. E, lbiiéo
handled knife used for C and D; some workers hold a strip of E:mbco
the blade to add to its effective thickness when they wish to speed

- up the work:
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Differences Ariong Species

As with steel; bricks; cement, stone,

clay; timberwoods,; or any other building
material, {t is nécessary to think of the

bemboos in teriris of individual and distinct

kinds; each characterized by a combination
of properties peculiar toitself (fig. 23). Certain

combinations of thiese properties aré use-

ful {or identification; certain ones must be
taken into mccount in evaluating the suita-
bility of individual kinds for one purpose or
another. Here are some of the properties

that determine the best use of & given bam-

boo and the reiattve value of available kinds

for & given purpose:

Average dimensions of culms
Taper of culms

Straightness of culms

Size and distribution of branches

Eength of culm internodes

Shape and proportions of irn'terrriodes
Thickness of the wood {culm wall)

-3 O Ur Gh e B e

‘,

\

|53

8. Relative prOporticﬁs and distribu-

tion of different tissues {bundles and paren=-

ch};ma) in the wood (whlch affect the prop~
797. Density and strength of the wood
10: Sptitting qualities of the wood _

11. Susceptibility to fungi and wood-
eating insects.

Specthcatlons for bamboos are not yct
standarized on a wide geographicel scale.
Within any bambgo~using community, how-
ever, the close observer will find that where

there is & choice of several species; cer-
tain ones will be used for certain purposea
with great regularity. And where there are
established bamboo markets, many of the
barriboos offered are found to be classified
into more or leas well-defined grades with
distinctive names. Such markets, ind the
local artisans who work in bamboo, are

sources of rmuch useful information not

to be found anywhere in print.

L
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Some Bamboos Used in Housing .

As f\:xl' is we Know, most of the bamboos For the purpuse of those who wish to
of greatest usefulness and greatest versa- find and keep track of the best bamboos in
tility for building construction come from a any given lecality, the vernacular names
fra groups of related species, called gen- will serve be‘ter than the Latif. Latin
era. These genera are Arundinaria, Bam- names, however, are geﬁermly more use-
twica, Cephalostachyurn, Dendrocalamus, ful in correlatxné information found in the
(.1Lnt_och‘oa Melocanna, Phyllostachys, literature. In this section, which sets forth
and Schizosta _hyum in the Eastern Hemi- some of the most useful species, with their
sphere and Giiadua and Chu5quea in the locations, sizes, and uses, both Latin and
“Western Hemisphere. But this is not to say vernacular nEmes are given insofar as they
that all of the most useful species are found are available.

in these uenera.

1. Arundinaria alpina: Alpine Bamboo, Bambh ?\Ipina(Itaimn)

AFRICA: Kenya, Abyssinig, Sudan; Congo; Uganda, Tanganyﬂm

8,000-10,000 ft; Abundant in large stands.
, Culms: 60 ft: by 4 in.; commonly 4550 ft. by 23 in:; rather
- - thin-walled. .
Uses: General.
2. Arundrlrnana callosa: Uskong, Uspar, Spa (Khasm) S

INDIA: E. Himalaya and Khasia Hills, Assam; to 6,500 ft.

Culms: 12-20 ft. by 1/2~1 in.

Uses: Tying thatch:
Arur‘dmana elegans: _]ili! (Naga)

INDIA: Naga Hills; 5,000-7,500 ft.

Culms 12-20 ft. by l/3 4/5 in.

Uses: Walls of native huts.
1. Aruvmdlnana falcata: Hirmalayan Bamboo, Ringal Nlrgal N&gre,

Narr{, Garr:; Gorwa, Spikso, ngalo Kewi, Thami, Utham;

)

Kutino.
INDIA (Ravi) and NEPAL;:
Culms: 15- 20 ft: by 1/2-3/4 in.
Uses: Lining for roofs of houses.
5. Arundinaria griffithiana: Kh’hﬁp’ (Kha51a) U-spar:

INDIA: Khasia and j&intxa Hills; Assam; to 4,500 ft.

Ciilis: 12-20 ft. by 1-13

Uses: Tying thatch of natlve h0uses .
6. Arundinaria intermedia: Nigala (Nepal); Parmick {Lepcha), Titi
= Nagala Prong Nok. :
INDIA and NEPAL: E, Hlmalaya to 7,000 ft
Culms: 8=12 ft. by 2/5-1/2 in:
T “YUses: Matting to cover walls and partitions.
T, Aiurdinaria khasiana: Namlong, U-kadac Namilong.
- INDIA: Khasia Hills; 5,000-6, 000 ft:; often cultivated.
+ Culms: 10-12 ft: by 172 in:
Uses: Wattle—and-daub walls of native houses.

[}
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5. Acsundinevia mennii; Seneng {Khasia).
IND 2 :__erm_ -Hils, Assamj to 3, ;0G0 fc
Cuitns: To 30 fi by 172 ir.
Uses: Withes for binding frames of native houses.
9. Arundinaris prainii: XKevwva, Kevs, Sempit {Naga).
[NDIA: Kiasia, (aintia, and Naga Hills: to 9,500 ft.
Culinid: Slender:
' atn Iur wells ¢! netive 71;7(;'5(3'...
: Nzling (Nesal);, Phvaum tAikav. ctheem,

NI HHRIM ) 5; 000-12 050 it
CiilEeE: " 0-1 in.
Jues: ~i.0n end metting for ngative kovser.
1. Aruiiévlwr o spathiflora: Ringil, Garu, Deo Ningai.
INDIA: N W, r‘ll"‘)ﬂl&.\/&, 7,000-9, 000 it.
Culms: 25-30 £ By i} ia:
Cses: Houte construction.
12. Arundinaria wigatiaan: Chnevari,
INDLA: Southern and western parts; especu.n, QonnE LNt on vt
Nilgiris. -
Culmix: 10-13 ft; by 1 in.
Uses: rv{z;n‘ng : _
1. Bambusa arundinacea: Thorny uamboo Beriu, Kats, .(wt.. {Rysem),
l1y, Mulu \\/Iamy/, 3aws; Behsr Eans {Bengali); Muikes; Vadru
(Telaga); Mun"ga/ (Bornbay). '
INDIA: Pa;ﬂ;amc in cultivation, 7
Culms: To 75 ft. by & in.; commonly rather crocizd; Sluy ivir d-
erately :étrb’iié sfid durable; lower branches very diseny.
Uses: General:
11 BA{IIhLLl& balcoos: Balku Bans (Bengall), Baloka (Assum); Zaro-
bens, Sil Barua; Tei Barus; Wamnah; Beru; Belirn.
INDIA: Assarn, lower Bengal, and Bilhar.
Culms: 50-70 ft, by 3-6 4. ) B
Usgs: General; ‘‘bhest end strongest for building serzoses:
{Gamble}). , o -
15. Barabusa blumeena: Buloh Duri {(Malay), Kida {Semangj, Sambu
. Duri, Bambu Gesing, Pring Ori, P. Gezing (Java}, Huur
Chuachuk (Sadan): .
MALAYA, JAVA (native}, sui%AT,R'A; BORNEJ, iNG1a, INDO-
_ CHINA, and PHILIPPINES [{<ultivated).
Culms: 30-60 ft. by 3-4 in., thick-walled.
YUses: General: .
16. Bembusa khesizna: Serim. Tyrah (Khasia). .
INDIA: Khasia and Jaintia Hills, Assam, and Mamp\.r, 1o <,000 ft.
Culms: 30-40 £t by 1-1 A/: in.
YUses: General,
17. Bambusa multiplex: Hedge Bamboo, Silver Leal Eamtos. Nzzu Kan
- ~ Chuk (Ckhine é’) - ) ] .
~ CP§&'{\:W§waﬁg ng; t6 1,000 ft;; now virtually pant-onic in cul-
i tivation.” .
Culms: To 30 ft. 5y 1 in.; interncdes long, tain-walled; vesist-
) N ant to Cinoderuid, the powder post baetle. )
3 Uses: Shezathing for roofs; wattie-and-daub wall cenziroztion:
* (Jemaica.}
40
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26 nian Betong; B. Panching (Maix \',. Ry
ctung, Jajang Betung, Pring Petung He v«
ung (Sudar}, Bambu Batueng, Pering Eviung
I ‘J,m\oukD (P I, tests Hugh Currax, jro ¥
» Jewva; 1o ©,250 it.; and throughout the sronipelage

Iduch plarted _

\
It. by 3-8 in.

23. nters: Wabo Burm°) Werra (A sa*q)
DT orinwerds fo Tenussertm,; Burmsz; Ceylern.
Culms: [.. by €~10 im,

Uszes: Geaersl B
28 Uéndr’d”iﬂmﬁu“ r7c.bo~r'riy'ct5ii'rigy<. (x:mrl.ngsa.), Chaye

(Nepai) Pgo (Lepcha), Kokwe /issam);

P‘(-;-ch't: (‘_M‘ Q: }; Tonay (Mikis), Wanoke {Gero]. )

INDIA and BURMa: N.E. Himalaya, Acssam Vailey, Rhasis Hills,

5ylhet, esst to auper Surma end west to Sutlei. Tiwe ;:or.-frr}or.

barnboo cf the Dirjezeling Hilis; Tarai, etc:; mcc'n c:\: .

by 4-7 in.; internodes 12-20 in.
tively thinewalled.

Uses: Ge‘rera" 1<t ni ghly esteemqu

5,

v

Culr“m 46- ae B

URotL\ng, P'm

INDIA to UPPER BURMA To 5,000 ft:

Cuims: 50-50 {t. by 4-6 in,; iﬁfé;ﬁaaes 18-20 in. long; walls
eboutr 1 in. thi .

~ Uses: General. o
31. Derdrocaiamus 4ongismihu5' Khan ng, &, Wa-ya, Talagu.

INDIA (E. Pengal) and BURMA:

Culms: To 40 it. by 3-4 {n.; internodes 10-24 in. loag; walls

~1/2 in. thick.

Uses: General: “rst h1gh1y estecrmed as buildmg mater.al but

used 'when better kinds are not available'' (Watt),
312. Dendrncalarnus membranaceus: Wa-ya, Wa-yai, Wa-mu, Wapyu
(Mamy)
INDIA and BURMA: Moist forests at low elevations:
Culms: To 70 ft. by & in.; internodes 9-15 in, long; wood
- 1/4=3/8 in. thick.
Uses: Gener - :
33. Dendrocalamus me-rillianus: Baydg {Ilocos);, Kawayan-bayog
{Pangasinan,.
PH”..IPPXN: SLANDS.
Culmis: ''Tail and slender; internodes ihi&k-\i}&ﬂea; sir:hé';

AL

{Brown and Fischer).

Uses: General. N B S

. Dendrucilemus sikkimensis: Pugriang (Cepcha), Wedsah (Garo
Hills), Tiric, Vola ?Vepal).

INDIA (Sikkdimlend ZHUTUTAN: 4£,000-6,000 ft.

L
S

(O
(8, 0
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wdic Bam*oo, ,_;ans u&"x‘ ‘\aoaz‘.,

ot the most Lsefu; hamboos.
7 i -6, X Sirg, K. Fati, Hohs
( a);, Butong (teste Hagh Currea; Jr.h
oW ‘lc. anc cultivated. )

“‘very straight, casxl r weriked

Ci Pnto"k‘loa marrostichye: Teksereh, Madi, Madaywa, Winet,

Wrhray,
1’"D'f\ (Asaarn. Ch:hac SR
Culiris: 20-50 ft. by 24
Uges: Gene=el, L
Gig*ntoc:ﬂou veigigilints: Whorled Bc.mboo Bamtco Andong (Maley),
Pring Scorat (Iaw. tndong Kekes, Awi Andong, A. Garnbo
A. iiar, A. Soorat (b\.nuu)
JAVA.
Zulmms: Ts 68 ft by & m.
umd up to 4/5 iz, ¢ <
5: General; ‘‘nexi to G. apus the mast useful bambooc in
juvn : (Ochse) -
Giiadus seculesta: Tarro (Central Americn).
MEXICO to #ANAMA.
Culms: To 75 &t. by 5
modetate thiciiiess,
Génf').d o o o
exifoiia: Caurc (Nicaragua, Mosqiito).
VENZZUELA to MEXICO.
Culims: Te 60 ft: by 4 in.; internodes relatively short, lower

and BURIMA:
. in.

Us

internodes relatively shory; wend o

ones semisolid.
Uses: Cene-al; the least dos‘ruble of the listzd spac ¢ for taw
purpose, Bt obich sed in Nicaragua.
: ciia: o dua. _ __
, and PERU.
To 9) ‘.t By 6 in; imeernolen relatively short; wood uw
r; thick.
Gueneral; the beet knowa r‘nd most verc\atile soe:"e"
zenns, In those oreas of Ecuador snd Colombiz whae

550 OCZUTS in ':ontavu-oim stands adecuate to supo
used 45 7. remarkable extent in house ¢
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struction. In facf sorie of this bamiboa is used in uuuw

every house in such arcas. Many structures are bailt almost
entirely of it.
This ‘bnmboo an')arently has & relutively hi gh rezistince

to both rot furigi and wnod-eatmg insects. It has bIox obseEr 7=d

repeatedly that ordinary hardwoods used in conjunction wi th
this bamboo have hnd to be replaced because of in seci <a

‘nenh ey
dition in 1945 long zfter t}»e hardwood floors hee hoc o Se
- . replaced becausz of insect darnage.
42, uuadu.fmm::bn Maroaa.
BRAZIL: Acre; Rio Durus.
Culms:_To 75 ft. by 5 in.
Uses: General.
baccijara: Terai Bamboo; Muli, Mea‘mga \ue“i f‘u,, Tarai
{Assam), Wati (Cechari); Artern {Mikir);, Turien {MNega), Wearrai
(Gara), Kayoungwa {Magh}, Kayinwa {Burmesz}, Peis, Tariz,
_Pagutulla,

INDIA and BURMA:

Culmis: 50-70 ft;: by 1;-3 in.; internodes 12-20 in. loagz; straighy;
thin-walled; but strong and durable. ‘‘In Chittagornz &nd “léé:
where [this 157 the most common species and tne on»a most
universally employed ior buxldmg purposes’ * (Gamibiz

Uses: General: :

$5: 6xytenantﬁéf& agygéi;ﬂé; A;Rii, Cﬂéfﬁfﬁél

Culms “Zb SOrit by 13-3 in.
Uses: General.
o - 46; Oxytenanthera nigrociliata: Poday {Andaman); Washut {Gur2],

Bolantgi Bans (Orissa), Lengha (Java). 7
iNDIA, ANDAMAN ISLANDS BURMA, _]AVA, and SU)_\/;\
Ciulmsi 30-40 ft. tall;

Uses: General. . -
47. Phyllostachys aurea: Buddha Bamboo, Hotei-chiku (Japanesa),

Fat-to Chuk (Chinese)

CHINA &arnd jAPKN Now cultivated nearly all over the werid in

thnerate zone.
Culms:_ 25 ft, by 1 ia. :
~ Uses: Suitable for hght elererits- of house construction:

48. Phyllostachys bambusoides: Giant Timber Bamboo, Madake {{apanese);
~ Kam Chuk (Chxneser ',

" the United States:
Culms: To 75 ft. by 6 in ; straight; wood of modereate thickness

49. Pseudostachyum nolymorbnum Fxlmg (Nepal) Purphqu, ’35.:, §;<

(‘Rurmese) S
INDIA (E. Himalaya, Assam, S)RRxm) and UPPER BURM.:..

M
MR
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Culms: To 50 ft. by 1 in.; internodes long, thin-walléd.
_ Uses: Lath, matting, withes for tying frames of huts.
50. Schizostachyirn hainanense! Tang Chuk {Chinsse):
CHINA: Hnainan {sland.
Culms: To 100 ft, by 1 in.; 1nternodes long, thin-walled.
Uses: Lath, matting.
51. Schizostachyim lims: ,.,615' agacay {(teste Hugh Curran, Ir.0.
PAILIPPINE ISLANDS: Luzon; Daveo.
Culms: 25-30 it. by 1 in.; internodes very loné, thin-walled.
~ Uses: Matting, shingles, thin lath.
Schxzostachyum lumanipac: Lakap (Bosayan), Tamblang {Biia-an},
DHILIPPINE ISLANDS: Luzon.
C\.'ms To 60 it. by 3 in.; very s‘raxght &0 it. to first be am.“,
~ thin-walled.
Uses Boards, shingles (testé Kugh Curran; Jr:):
g 71 dulicoa: Dulooa (Assam), Peksalu, Pogs lo WndA co,

wn
(S

Gyawa.
INDIA: Assam. o
Cilma: 20-30 it by I- 3 in.; intecrodes to 40 in. long; thia-
walied:
Uses: Lath, matting,
54, Thyrsostachys oliveril: Thanawa (Burmese) Maitong (Kachinj.

INDIA and UPPER EURMﬁ' To 2,CN0 ft.
Culms: §6-80 ft. by 2-21 in.; ‘'greatly in request (Gﬁﬁ‘\b’ie).

I Uscs' General.

55. Trv:' vs sismensis; Kyaung-we.

THAILAND and BURMA.

Culms: 25-40 {t, by 1*—-3 in.; very strong and straxéh il
 branched below.

Uses: General.

 The followlng two woody grasses, though not true bamboos, yieid
culms thet are used in building houses;

56. Arundo donax: Giant Reed (Hitchcock), Vara de Coheta (El Silvador)
Pantropic and extendipg into milder parts of the termperate zore
~ in cultivation.
Culms: To 20 ft. by 1 in.; hollow; thin-walled, the surface smooth
and snining.
Uses: Wattling.
57. Gynerium sagittatum: Uva grass (Hitchock), Caffa Aruve (Cubsz),
Cafia Blancs (Panama), Cafia Amarga {Venezuela), Varu de
Tusa [El Salvador), Uba (Brazil, teste Clarissa Rox.s)

TROPICAL AMERICA: Principally at low elevations:
Culins: Commonly to 25 ft. by 1 1/4 in.; the internodes {ilied
with pith, which shrivels and shrinks upon drying; covered

wilh persistent sheaths.

Uses Wnalls and partitions,; ceiling iinish; roof sheathing.

B
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For coiivenience, the foregoing apecies n&rticular uses in house construction. The
are regrouped in the following tabulation numbers refer to“the species just listed.
according to their specialized adaptation to ‘

Frame: 1, 13-16, 18, i9, 21, 23, 26-28, 30-35, 48, 54, 55.
Sheathing and ceiling cover:
Whole culims, 1, 4, 10, 17-22, 24, 25; 41, 44-50; 54-37;
Stripa; 1, 14-16; 18; 19, 21-23; 26-34, 36-46; 48-55.

v Roof covering: . o L

Tiles, 13-15, 19, 23, 26-32, 37-40, 42, 43, 46;
~ Shirgles, 50-53.

Wailg: _

Wattling; 1; 4, 9, 13, 14, 16, 18-34, 36-56,

Whole or half cuims, 7, 7, 14-40, 42-48, 50-52, 54, 55, 57.
Floor covering:

Boards, 1, 16, 19, 27, 28, 31, 32, 2943, 48;

Strips, I, 13, 16, 18; 19; 21-23; 27-34, 36-40, 42-4b, 43.
Matting: 2, 5, 6, 10, 12, 16, 1y, 2C, 24, 36, 39, 44, 40-53, 56.
Lashings: 1, 2, 5, 8, 20, 36, 39, 48, 49.

Forms for poured concrete:
Boerds, 1, 16, 19, 27, 28, 30; 31, 39, 40, 42, 43, 48;
Shoring, 1, 14-16, 18, 19; 21, 27, 28, 30, 31, 3:-35, 37-43, 45,
46, 48; 54, 55, __ o
Scaffolding: 1, 13.-16, 18, 19, 21=23, 26-28, 30, 31, 33-43, 45, 46; 45;
: 54, 55.
Troughs: 13-15; 19, 23; 27-31; 34. 37-44, 48,
Fipes: 14; 15, 19, 23, 27, 28, 30, 31, 34, 37-44, 48.
o 39
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Shoricomings of Bamboo and How to Overcome Thermn

p i Thar kctevisdcs \m combinations; and
ix rees, which vary from species to

snecizs) that limit or reduce their suita-
clity or ve -sanillty ns buildmg material.

,:\ terefal stady of these limitations; how-

r.ev whows that most of them can be over-
~om . or minimized appreciably.

Variable Dimensions
ii i% iiifﬁbﬁif fb éétﬁré bi.ilh’ié i)i:i'y

dlnm*l,lons For this reason; the process-
ing or fabrication of bamboo cannot easily
e mechanized, and its utilization generally
f1ils within the realm of a handicraft.

With sufflcxently large §upp1xee of culms

avai.able; the disadvantages of this varia-
bility may be overcome to a certain extent
by exercising special care in the selection
and grading of the material; Further com-
pensation may be achieved by giving special
attenti_n to the development of skills in the

cutting and matching of pieces:

Uneven Surfaces

The use of certsin bamboos {s made
difficult by the crookedness of the culms,
the prominence of the nodes, the uaneveness
of size and shape of the internodes, and

the rate of taper. This uneveness and the
taper which is more marked toward the
tip of the culm, may make it difficult to
achieve a tight, v.eatherproof verminproof
construction:

To overrome the effects of uneveness.

the builder should select bamiboos with use

reql.xrcments in mind;

culms thuId bc cut ap on this basis The
various cuts should be segregated into
groups according to the purposes for which
they are best suited. Zigzag or curved
ciilrms may be used for purpc;;é; \;vﬂéfé shape

is unimportant, or where they may give an
artistic effect. Speccial processing, such as

40

The d1fferent porhons

* ditions and in contact with moist soil.

aressing oif nodes of whole cuims. may
permit closer fitting. Culms ray be split
to make boards or lathhke strips. Finally,
the design of the structure and its archi-

tectural details may be modified to a cer-

tain extent to utilize more_effectively the
nature and peculiarities of the building mz-
terial.

jF’thren‘xe Fiss1b111ty
With the exception of thick-walled bam-

5003 such as Bamhnsa tulda and Dendrocal~

wood, such as certam zspecua‘l of Guadua.
bamboos have a tendency to split easily; a

tendency that precludes the use of nails. It

also limits the range of technigues suitable

for the framing or joining of structurs! Gmits;

Suggested remedies are to use th:z less
easily split culms of thick-walled species

for purposes where high fissibilily is a dis-
advantage; to make end cuts just beyond a
rnode where feasible (the nodes have & higher
Shear coefficient than the internodes and

hence show less tendency to aplit); to fasten
joints by means of thongs or other lashing
materials; to chisel or bore holes to accomi-
modste nails, screws, or pege:

ILow Burabzhty

Somie bamboos are highly susceptible to
invas1on and partia:. destructlon by wood-

posf beetles: Specxes with relatxvely low

susceptxblhty may be selected; and the culms
may be treated to make them less vulnerable.
Cut surfaces at the ends of the cuIms nre -

pilaces where insec :ts usually effect an entrance
and should be treated with spécial care.

~ Most bamboos also show high susce jti-
bility to rot fungi, especially under damp con-
ditions and in conta Here
again, selection of species will help to over-

coimie the weakness; but some form of preser-

vative treatment should be used to prolong
the usefulness of bamboos exposed t» moist
soil,
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Preservation.

Bemboos vary. from spec*es to species
eotibility of their culms to in-

icn bv wood-eating insects. Although
ihe culms of a few bamboos, notably Guadua
cngustifslia, apparently Have & relatively

Tes ISTR’ICC to both wood- eatlng insects

T ot .ungl almost all appear to be more
o5 susceptible under certain conditions.
“ing to :he observations of Plank,;

Ha the course of experiments carried our

e Federal Ekﬁé;igéﬁt Station at May-
suez, P, R., there is a rather definite cor-~

re Iauon between susceptibility to invasion

By wood-enting insects and the starchk and

irioisture content of the wood of the culms.

RS ¥

A similarly correlated suscepfibility to rot
fungi probably exists.
Both the starch and tne ficisture comternt

of the wood vary with the species and thh

the age of the culm; especially during th
first tws years or so. The starch content
ihhy ihti‘éh e or decrease from the base to

..‘{ny reduction of the

starch or rnoisture; or both; tends to reduce

the incidence of attack by wood-eating insects.
It has been found at the Federal Experimeént

Station in Pue1 t6 Rico that clump-curing

the culms is a natural and efiective meens

of reducing their susceptibility. 7he essen-
tial steps of this procedure ioliow:

.

Ik Sever each culm &t the base but keep it in an upright positicn ir

2. Dust the fresh-cut lower end of the culm at once by patting it

with a dusting bag filled with a 5-percent {1:20) mixture of DDT and

tale.

3. By means of a block of stone cr brick or wood placed under it;

or a stick thrast into the lower end,; raise each culm off the ground tc

prevent staining or deterioration of_the wood by fungi.
4. Permit culms to remain in this position for 4 fc 8 weexs, depend~

ing upon weather COndltIOnS. The objéective is to get the culms as dry

as possible before takmg them to the vicinity of buildings; where the

wood-eating insects usually abound. Caution should be obse~ red to pre-

vent the staining of the culms by rain after the tissues have hecomé dry

snough to be readily permeable. When they have been dried as much as

conditions perriit, the calms may be taken down and trimmed. As a

Specml precaution; dust all cut.surfaces at this point with 5-percent
mixture of DDT powder and talc. Finish the Seasoning process in a

well-verntilated shelter; do riot store seasonied bamboo culms in the open;

viliere they are exposed to rain and dew

This seasoning procedure should be com-

pleteiy effective in preventing invasion by

wood-eating insects during the period when .

ii{é éiili—i-ig are most susceptxble. Dependmg

o rrovldé further protection: During long

per .ods of st orage for example perlodzc 7

with 5 percent DDT f'h.Sp"rSed in water or

light oil is rec ommended. The schedule for

such treatments should be worked cat for

the local cordi ionn. A six-month interval

is ..xggesfed fehtatwety as a starting point.

Effective protection of bamboo culms
against decay, whether in storage or in ser-

vicae, can be accomphshed by gu&rdxng them

Egaxﬁst wetting by rain or by contact with
the soil; and by maintaining good ventilation.
No data are available on the effect‘ve-

tiess of any particular treatinent for the pre-

vention of rot in bamboo culms when they are

in contact with moist soil. To £ill this gap
in our knowledge Dr G A Creat}jéuse

41
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©&s vaeéiec that experiments be carr
out to test the effectiveness of the msoluble
iorm of pentachloropherol apphed to the.soil
irripinging on the bamboos: Sonie of the
wtandard wood-preservation methods also

rmight be applied, with proper consideration

being given to the physical characrerisuics
of bamboos.
For much useful ihfé"m&tion on preser

vanon of bamboo consult the arnrles ov

aﬁd G. N. Wolcott nsted in the mblxog.aphy.
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Dihoee wkills requir ed in buxldmg with bam -

Loo are Jhe basie ones of the builder's trade;
toarethior nth others that relate particularly
to the peculiarities of bamboo as a material
P57 house construction. Among the latter

ave thene—
judging the maturity, soundness; and
quality of bamboo culms.

Detérmmmg the suitability of a given

t.amboo for a given purpose.
Sawing a bamboo culm without raising
splinters.
Joining and fastening bamboo ele-
innents in house construction. o
Makmg bamboo tubing, troughs and

rooling tiles "
Splitting a bamboo culm into strlps
foir lath; withes, and lashings.

Making bamboo boards.

Skill ﬁequxrememg

w eavmg bamboo lattices, wattling,

and matting.
Making bamboo shmglcb
Making bamboo nails and dowels.

These and other techniques wal be treated
fully in a general work on bZmboo utl ilization
now under preparahon.

In most areas where bamboo suitable for
building purposes occurs in sufiicient quan-
tltles to Justliy its use, native arns&ns w1ll

techniques of building with it. As suggested
elsewhere.in these pages, consultants on
housing and housing materials will do well

to acquaint themselves with these men and

thon— skills; and to work with thern in gettii'ig

and on the building site:



O

ERIC

Aruitoxt provided by Eic:

Tool P;equir ements

o edyed tuols This effect is due to the
silica with which the tissues are more or
leds neavily timpregnated. The effectivenéss
af cdgt -d tools wiil be mamtamed at a higher

leve l; and the time consumed in sharpening
will Be greatly reduced, if tools made of
moivbdenum steel oi an equally hard alloy

can he secured for workmg barmiboo:

X'w 1ools essen 1al to buxldmg with bam-
""""" ln iact

Tool Use

Machete . © : ... :::: Miscellaneous: feiiing and

and tninn'img culn'is arid cut-

mg fragments of dlaphragms

crated to &ny extert, additional tools are re-

quired. Some of these may hacs +3 perform

work _peculiar to ‘ne processing of bambuco
and, for this ré&ason, wouid not be available
at the sources of standard carpentry tools,

The Chinese tub- &nd bucket-maker who uses .

bamboo as his raw material §é§iures an ar-
ray of some thirty different tools and ga.dgets.
a1l of which are employed at one stage or
&nother in ths mzas iring, cutting, fitting,

ar.d assembling of the various parts. With

the following too's, the stancard bamboo ele~
trients for building purposés may be processed

and assembled:

Prefererice of the iisgi-ji?jh
cides i;ﬁé 6f blad selected;

from bamboo boards; etc.

length.

Tripods or trestles .. Elevating culms and holding
them firim for sawing to

length; cracking nodes.

czlms to rmiake boards:

Hat:liet or small ax . . Cracking the nodes of small-
er culms for making boards:

Whef‘ifﬁi’ié e e et e e Siiii‘péﬁﬁig édgéd fﬁﬁii;

boards:

o
o

. Felling culms, removing
branches, cuttmg culms to

: Removmg dxaphragm frag~
| mzats and excess soft wood
at basal end 2f bamboo

ivlth 18 and 24 teeth per inch:

May be made locally, follow=
ing the pattern locally pre-

ferred.

L1ght we1ght ax with a nar-
row but thick, strangiy

wedge~shaped bit,

er in size and ixtted with a
short handle.

Carborundum, coarse- g*am-

ed on one side; fine on the
other.

I . . S .
Long handle; broad blade set
at an angle to operate paral-
le' with surface of board.
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Removing diiphragm trag-
tients and excexs xolf woud
at basal end of bambtoo
boards. Spud is more con-
venient, but the adz is more
generally available.

. Removing diaphragms to

make troughs and drain pipes
from split or opened culms:

Making holes in culms to ac-

. comodate lashings for end

Wood rasps. . ... ...

Splitting jig . .....:

Splitting knives . .. ..

Rods of reinforcing
Steel.

Wire pincers. ... ...

ties.

Making hcles to accomodate
bamboo pins or dowels.
Leveling prominent culm
nodes.

?iéiiiiiii}ig the splitting of

{a) For splitting small culms.
(b) For making bamboo
withes.

Breaking out the diaphragms
of unsplit calms:

For handliiig wire used for
lﬁs}iiﬁg§:

Steudard desian; best-qual-
ity steel.

Curved (front bert); l-inch
and 1 }inch bits.

Best steel {molyidencem
steel if aviilable); 3/4%incK
bit:

Hand- or power-~dériven driil;

nmietal driiling bits, best steel,

assorted sizes, :/8-1,2 inch:

Large size, with one flat
side, one convex; cotrse, me-

See skeiches; fig. 24.

f{a) Short handic; broad blade

o (fig. 25 A). }

(b) Long handle; blade bevel-
ed on one side orly; to be
specially made (iig. 25 B)..

Suggested minimum: one each
of 3/4 inch by 10 feet and 172
inch by 10 feet. Other dimen-
Hardwood or barmib¢io pole

may be substituted.

Conventional type with long,
narrow jaws and wire-cut-

ting feature:
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Diiferentiation and Evaluation of Species

CAarmboo’ s e tollecsive teris hete in- that together determine the su: .
cendet taindicg tre culrns \stei;\é) or the their culms, or the substence tneveo:, ior @
tracues ol the cuims, of any of a group em- * ‘given purpose. This point will be recognized

. bracing many diffrrent kinds of grasslike at once as basic:
“oody plants. 1he term may Ep'pl)'; also to Once this principle is recogmzea the
Givind pleiits of AUy of the species on varie- next step is to become acguainted with whet
T cornpr .mg the group. Anyone who kinds of bamboo are availabie lccgliy arid to
wis o 1o use bamboo or foster its use is ledrn how their characteristics relate them
sdvied tprlg'ngn. 1o discriminate between the to the existing need for buiiding materinls.
ndiiidial kinds, dnd their respective char- The following general suggestions are in-
araciorintics, ingtead of Ehxnkxng vaguely of tended more as a systematic sriziiysis of the
ambso as iﬁ&xgh it were all one thing. He problem than as & hard and fast procedure
m 114 do so because the.different kinds of under any particular ééi:ox circumstances:
bamboo are charidcterized by properties -

1. Witk the md of a local resident who knows the bamboos (preferably an artisan

who has some personal knowledge acguired through the actual use of baribso

as building material, or through the fabrication of bamboo objects); study the

local bamboos—in markets, in Shops where they are being fabricated, in

loises where they have been employed as bu1ldmg materials, and in tie field

as lwing plants
a. Listall re(.ogmzable entities by local. rfzimés notmg all of the namer

that are used mterchEﬁgeably for more than one kind. Distinguish

thiose that are applied in a general sense from those that are specific

b. Fstablish for each entity a numbered card or mibrmatloh sheet on

which to assemble and systematize information §ubsequently gathered,

with reference to docun enting specimens; photographs descriptive

notes; and so forth, 3
Document the identity and peculmntxes of each kind by mé&ns of stand-

o]

ardized samples from representative culms; and by means of pressed

and dried specimens, photographs; sketches; and descriptions of the

diiferent parts of the plant. {For details with regard to structires

neéeded and the procedures to follow, see the Section on how to collect

bamboos.) It will.be a great service to the cause of scxence ‘and to

those who are enaéavormg to extend and systematize the e:ustmg,

knowledge of the various kinds of bamboos and their uses, if duplicates

of such material {specimens, photographs, and notés) can be sent to a

specialist for study, identification; and permanent preservatwﬂ in e

centraily locatéd reposnory, such as the National Herbarium, Smiitli-

d. Learn to recogmze and dlstinguish thé dlfferent kmds of bamboo under

as many different circamstances as possxble by means of the habit of

thn plant the cufm charactensncs the culm sheaths, and so forth.
ea Iocstl"' checkmu Lv con-
ry among bamboo workers.

stant perconal observanon and repeated ing

[, list the charactenstxcs of each kind as related to its suitability {for
various uses in the local economy (add your own observatiois 1o those

of thhe local bamboboo wquers).

-
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§. Restudy structures and objects made of bamboo with a view to—
{1) Confirming or eliminating listed uses as reported by the bamboo

~ workers,
-{Z) Ascertaining the actual and relahve iurablhfv of the vari

kmds in use as bux dmg matcnal c&uses of de’erzoration, pos—

'\‘ N of bamboo, or oy the use of preser vatives.
< (3)

Listing the characteristics o” esch kind as related to its suit-
abuxty ‘or vAnous uses

asility grder either actual or sxmuiatgd conditions of gse: In di'a.w*ﬂb aa sbe

outline for the tests, keep in mind the following possible variables that may
H&v, a beanng on the outcome oi the tests. Kmd of ba.mboo, age of culm, sea:

in soil and in air: The outline of such Iormal te§ts snd the fox—ms ior .ecord-

ing data; should be checked by competent specmusts in experimental de.uign.

I
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Lre o dewl, ~s botamcal units and as poten-
tial sources of useful raw materiais: To

! ortant to collect ali bam-
thev Se in flower or not. A
Sroperiv icted, labeled,and preserved
. ol thu vegstadive structdres called
mirc.y adequate as a
RSN uf recegnining and describing a given
varntian A \d distinguishing i. Irom other
». reproductive structures are
traaits r\na.llv reqiiired for idcnufymg oam-
Boos and many other plants. but vegetative
itructures have proved to be a practical
bawnis for field identificatio.. of bamiboos:

tie average clumg of birﬁbco resents
: F] p

{lipwer- only once, af ‘ter many years of

rin oend

bLelow will be

_grc‘)wt i
Never mix muterxal from two cistincf

slasts under the same number on the as-

Sumption that tHey represent the same bam-

koo, Be wary lest you collect, under ore

for Iaéht fication

numocr, two or r.o.e LeFNLOOS 50

losely as.,ocietcd in wneir growtl oS to ap-
puar to be all a part of the sam¢ plent. Such

mixtures can cause much iroizsle:

Make specimens [or permarent preser-
vation. }-.a»;mentary peciﬁ:‘cn.‘ collected.
hastily, ‘‘just for identification.’ .requently
turn out to represent new s cles o Tew
recorcs. Such specimens; often too irag-
mentary t5 be ide niificc with conlidence but

too mtngumg *o r‘x»caro may be more cf &

o

To xdcntxiy a bambo'\ itk confidence; one

sHould have as compleie & r.presentation as

possible—by specimens, photographs, or de-
scriptions—of the follewing sziictires: Culm
sheaths, leafy twigs, branch com piemeng,

culm nodes and i'iternodg_s a.rid 'niz.o'"mes

will add greatly to the y(.]ue s # useiulness
of the specimen. Seeal.zwc =0d ST"(“l plants
may be préesséd entire:

,C.Jlm,Sheaths Collect at least ten culm sheaths; Eé;ﬁﬁieié and 5;;1

good condition, preIerabiy frorm nodes above the fifth node of a mawure-

sized culm; if possxole collect also several from mid~-culm noaes.

Mark with node number and collector number. Preéss flat. If too large

for the press, cut or fold to 10 by 15 inches or less; keep all parts. if

you cannot sm'ead a sheath without hreaking it; let it roll up and co not

press it: Tie paper over tips of unpressed sheaths to protect fragile

parts. Persistent sheaths may be left attached to a section of culm o

appropriate length, dried, and sent in thus: Young sheaths; iif slender

enough to dry readxly by artificial heat; may be sent in whole. The more

compiete the series and array of culm sheaths collected, the moTe re-

Laole the zdcntxfxcatxon can be. Represent the whole series as fully es

and diseased ( any) Press prompfly, before the leaves curl in 3 iers

thick and soft enough to prevent crinkling, At first change ‘of driers;

drrange leaves so that some snow the upper surface, some the lower,

Branch Complenxent Get at least one typical example of a brafich
fomplement from middle or lower fiiiddle of series on culm of matare

Size. Include d segmment of culm at teast 12 inches long embrfymg the

selected branch complemen;. Cut off branches about 2 inches from

their base. Mark no

e number and coliector number on culm. ThHe c¢alm

-segment may o2 sp;.; and the part opposite the branch complement dis-

35
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follow ing:

carded if space is Hmited.

part of culim, are desirabie but not uecea\.cny

”udt cand Intvrnodvé

< uln\ ;

l(lﬂt~
> aboveground and rhe internode

nuribe I'\

Culm nodes
nted hv a \r~hmnnt of niature-sized culni er\brncmg .Aode_, + ord
between:

Cut back brancnes, it any, to 6 uuhes

and internodes are best

bﬂ(n*um May e bpln

once to accommudate limited space, or to facilita.e dxvu.q

Riizomes: Obtain at least one coiriplete examyple of :

tacilities permit; it is preferable to obtain two of

v rhiconie; 14

nore .)I\ub bitc.\neci

together to show typical branching habit. Wash and tris- TGotsl WdTkK
or tag with collector number. A sketch or 'p'r'\'o't'o' showing prowmortion
and branering Kabit, will serve in place of an acteal N I I TIE VA <;; -

ities are limited:
Flowering tranches {

if presentj. Collect as long a seri¢

ering branches s
stages ot dcvelopmex.:, angd
tall q\nc}\x .

snluf(')\‘ necessary to saw.e paper,

Pt sm}.le cxample of long, fragile splkeletb /A tn;o tyh'imrr Rl
arate c'nve-lone or folded paper to ensure correct floret courn
) Specxal search should be inade iov
doubt as to their ide!

pCééiblg to show range of ;iq;'ixxtiiih in
so lorth.

) and put some in folged B
prevent loss, Distribute specimens thiniy 'u:~wc"n i
often to dry promptly and prevent O“Pnl‘f‘l’lg un of

Svex fr:

m case of

H (rnzt.x—? UITS usLedly

I atle

e and

seediing-

parcn plant but cross-refcrcnce shoula be made 1n notes; .:&CLL)A;-‘ or

NVld
':"A y

B(iik’»’ specimerns that cannot be pressed

flat require special handling, Among these
are nodes and internodes, branch comple-
ments, rhxzomes and culm sheaths, espe~
cially those that comie from large plants;
Always mark them properly with the node
number and collector number, either on a
clear surface or on a durable tag of cloth
or Ebhgh paper: De not put bulky specirens
in pres< thh 1e31y u/ms or. flowenng twiQé.

or over fire. Keep them in open air as much

as possible and do not wrap or store them
in closed containzr until thoroughly dry.
Minimal ncies should include data on the

(l) Habit of ciimip and culm;

(Z) maximum helght of culm and dmmeter at

node (4) 1ength and number aboveground of

longest internode (rﬁaké messurements on

largest aCCeSSlb]e spemmen eshmated

tion to ne- -est inhabited place and/cr point

ice 5f their supposed relationship.

The *‘seed’ still attacued .2

nall scedlings is sufficient for identification if Kept intact,

shown on avallab‘c map, <o that it can e
found again, ’6) hablf(\‘, \7; 18¢i: names

(dialect), {8) local uses; {9} dat: ccilected
(ID) tdlléttbr e

fle d ru':noer and (11) '.-e:'er—

kept in qeparate 555%:
Photographs are useful for showing the

habit and proporticns of a typical tlump; and

the following features, purtizuivsy if Ume

is insufficient for max =Zitneneg of tham:

Branch cciniplement' ciih:: hé&z 1:" f'\tg T~

itat p.cfures aTe usefz.l 1L e nhhes of

associated p‘ants are res.oﬂde"‘, or
logical features are cizariy shown. He
to correlate photograph numbirs with co
lector numbers &t the tifie the piciire is
i&ﬁéﬁ. :

e
t,

L.r't res thia

for gbod reasons, muct be o...x.te; "y e

specimen,

({”
Y
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